Background {#Sec1}
==========

Hepatocellular carcinoma (HCC) is a leading cause of cancer-related death, with an estimated 700,000 deaths and 750,000 new cases worldwide per year, and these numbers are expected to increase with time \[[@CR1]\]. Moreover, the prognosis of HCC is very unfavorable, with the five-year survival rate less than 10% \[[@CR2]\].

HCC is a complex process, associated with many factors and co-factors, including genetic predisposition, environmental factors, and viruses, among which hepatitis B virus (HBV) contributes the biggest \[[@CR2], [@CR3]\]. Among these factors, increases in allelic losses, chromosomal changes and gene mutations appear to be crucial molecular and pathogenic steps in the development of HCC. Kinesin Family Member 1B (KIF1B) is a tumor suppressor in many cancers, including those of liver, colon, breast, and brain (aggressive neuroblastoma), and pheochromocytoma \[[@CR4], [@CR5]\]. KIF1B is suspected of playing a role also in the development and progress of HCC: Several reports have focused on the association between KIF1B rs17401966 polymorphism and susceptibility to HCC; however, conclusions of the studies are inconsistent. There were two meta-analyses on the associations between KIF1B rs17401966 polymorphism and HCC \[[@CR6], [@CR7]\], and a meta-analysis on the associations between KIF1B rs17401966 polymorphism and HBV-related HCC \[[@CR8]\], were published in the last 2 years. As new papers published in the last 5 years, we have performed a updated meta-analysis to assess the relationship of KIF1B rs17401966 polymorphism and HCC.

Methods {#Sec2}
=======

Search strategy {#Sec3}
---------------

Eligible studies were identified systematically from PubMed, OVID, ISI Web of Science, Chinese National Knowledge Infrastructure, and Wanfang databases up to June 21, 2016, written in English or Chinese. The search terms used were: KIF1B, rs17401966, liver cancer, hepatocellular carcinoma, and polymorphism. Two researchers independently investigated the titles, abstracts and full texts of relevant studies. The results were compared, and disagreements were resolved by consensus.

Inclusion and exclusion criteria {#Sec4}
--------------------------------

The inclusion criteria were: a) case-control studies; b) articles that evaluated the association between KIF1B rs17401966 polymorphism and risk of HCC; c) articles that provided sufficient data to estimate an odds ratio (OR) and corresponding 95% confidence interval (CI); d) English or Chinese language; e) solid evidence for HCC; and f) HBV as an HCC subgroup. Unpublished reports, abstracts, reviews, meta-analyses, letters, case reports and animal studies were excluded. When studies had overlap or included the same subjects the latest or the most complete study was selected.

Characteristics of included studies {#Sec5}
-----------------------------------

Ten records were identified through database searches. Finally, 10 studies \[[@CR9]--[@CR18]\], containing 18 independent case-control studies, based on the inclusion and exclusion criteria, were included.

In total, 18,893 participants were selected (8427 HCC cases and 10,466 controls). Characteristics of the included studies in the meta-analysis, including ethnicity, language, number of cases and controls, source of controls, matching factors, genotyping method, and Hardy-Weinberg Equilibrium of the included cohorts are shown in Table [1](#Tab1){ref-type="table"}.Table 1Characteristics of the included studies in the meta-analysisStudyEthnicityLanguageCases/controlsHBV-positive cases/controlsSource of controlsMatching factorsGenotyping methodHWE^a^Zhang 2010 GuangxiChineseEnglish348/359348/359Population basedAge, sex, geographic regionsAffymetrix Genome-Wide Human SNP Array5.0YesZhang 2010 BeijingChineseEnglish276/266276/266Population basedAge, sex, geographic regionsSNPstream 12-plex Genotyping SystemYesZhang 2010 JiangsuChineseEnglish507/215507/215Population basedAge, sex, geographic regionsTaqManYesZhang 2010 GuangdongChineseEnglish751/509751/509Hospital basedAge, sex, geographic regionsTaqManYesZhang 2010 ShanghaiChineseEnglish428/440428/440Hospital basedAge, sex, geographic regionsTaqManYesHu 2012ChineseEnglish1293/26711293/1334Population basedAge, sexTaqManYesLi 2012 CentralChineseEnglish480/484480/484Population basedAge, sex, geographic regionsiPLEX, TaqManYesLi 2012 SouthernChineseEnglish1058/9811058/981Population basedAge, sex, geographic regionsiPLEX, TaqManYesSawai 2012 Japan1JapaneseEnglish179/769179/769Population based--PCR-based Invader assayYesSawai 2012 Japan2JapaneseEnglish142/251142/251Hospital based--TaqManYesSawai 2012 KoreaKoreanEnglish164/144164/144Population based--TaqManYesSawai 2012 Hong KongChineseEnglish93/18793/187Hospital based--TaqManYesChen 2013ChineseEnglish503/772503/772Hospital basedAge, sexTaqManYesJiang 2013ChineseEnglish1161/13531161/1353Population based--MassARRAY, TaqManYesSopipong 2013ThaisEnglish202/196202/196Hospital based--TaqManYesSu 2014ChineseEnglish160/1600/0Population basedAge, sexiPLEXYesPan 2015ChineseChinese376/403101/11Hospital basedAge, sex, geographic regionsMassARRAYYesChen 2016ChineseEnglish306/306229/54Hospital basedAge, sexTaqManYes^a^HWE, Hardy-Weinberg Equilibrium

Quality assessment of case-control studies included in the meta-analysis was determined with NOS. As shown in Table [2](#Tab2){ref-type="table"}, quality scores ranged from 6 to 9, indicating that all included studies had high-quality scores.Table 2The Newcastle-Ottawa Scale for assessing the quality of case-control studiesStudy includedCase defined adequatelyRepresent-ativeness of the casesCommunity controlsControls have no history of the outcomeStudy controls for ageStudy controls for sexAscertainment of exposure with secure recordAscertainment of exposure with structured interview where blind to case/control statusSame method of ascertainment for cases and controlsSame non-response rate for both groupsTotal scoreZhang 2010 Guangxi11111110119Zhang 2010 Beijing11111110108Zhang 2010 Jiangsu11111110108Zhang 2010 Guangdong11011110118Zhang 2010 Shanghai11011110107Hu 201211111110119Li 2012 Central11111100118Li 2012 Southern11111100118Sawai 2012 Japan111110010117Sawai 2012 Japan211010010116Sawai 2012 Korea11110010117Sawai 2012 Hong Kong11010010116Chen 201311111110119Jiang 201311110010117Sopipong 201311110010106Su 201411111110119Pan 201511011110107Chen 201611011110107

Data extraction {#Sec6}
---------------

Two researchers independently extracted these data: the first author's surname; year of publication; country of region; ethnicity; language; total number of cases and controls; source of controls; matching factors; and genotype method. Study quality was assessed with use of the Newcastle-Ottawa Scale (NOS) \[[@CR19]\]. The NOS assessment for case control studies was appropriate; a study was regarded as a high-quality study when it rated six or more stars.

Statistical methods {#Sec7}
-------------------

The Hardy-Weinberg Equilibrium was calculated for control groups of each study, using the goodness-of-fit *χ*^2^ -test. *P* \< 0.05 was considered deviation from Hardy-Weinberg Equilibrium. Meta-analyses were conducted with Stata 14.0 (StataCorp, College Station, TX, USA). The strength of the association between KIF1B rs17401966 polymorphism and HCC susceptibility was measured by OR and corresponding 95% CI. Traditionally, meta-analysis on genetic association studies were based on nearly all genetic models, which not only increase the probability of false-positive rate but also making the explanation of results more confused. According to the Ammarin Thakkinstian's theory, that is to say if OR1 \< OR2 \< 1 and OR1 \< OR3 \< 1, then a co-dominant model is suggested \[[@CR20]\], we determined co-dominant model is the best genetic model. The pooled OR and 95% CI were calculated under the allelic model (G-allele vs A-allele) and co-dominant genotype model (GG vs AA, AG vs AA, GG vs AG). The statistical significance of the pooled OR was determined by the Z test; *P* \< 0.05 was considered statistically significant. Heterogeneity was assessed by use of the *I*^2^ statistic. When *I*^2^ was \> 50%, the heterogeneity was considered statistically significant and a random-effect model was applied to the meta-analysis; otherwise, a fixed-effect model was used. The risk of publication bias was determined with the Begg's rank correlation test and Egger's linear regression test (*P* \< 0.05 was considered statistically significant in both) by Stata 14.0. All *p* values were measured from two-tailed tests of statistical significance with a type I error rate of 5%.

Artwork was created with CorelDRAW X7 (Corel Corporation, Ottawa, Canada).

Results {#Sec8}
=======

The meta-analysis was conducted among all the cohorts under the allelic model (G-allele vs A-allele) and co-dominant models (GG vs AA, GG vs AG, AG vs AA). The statistical significance of the pooled OR was determined by the Z test; *P* \< 0.05 was considered statistically significant. All *p* values were measured from two-tailed tests of statistical significance with a type I error rate of 5%. As shown in Fig. [1](#Fig1){ref-type="fig"} and Table [3](#Tab3){ref-type="table"}, a significant allelic association was recorded under a random-effect allelic model, with OR = 0.85 (95% CI 0.76--0.94, *P* = 0.003), indicating that the G-allele is a protective allele of KIF1B for HCC compared to A-allele. Similar results were found under the co-dominant genotype models GG vs AA (OR = 0.72, 95% CI 0.52--0.99, *P* = 0.044) (Fig. [2](#Fig2){ref-type="fig"}, Table [3](#Tab3){ref-type="table"}) and AG vs AA (OR = 0.81, 95% CI 0.75--0.87, *P* \< 0.001) (Fig. [3](#Fig3){ref-type="fig"}, Table [3](#Tab3){ref-type="table"}). No statistical differences were found under the co-dominant genotype model GG vs AG (Table [3](#Tab3){ref-type="table"}).Fig. 1Forest plots of association between KIF1B polymorphism and HCC susceptibility. Forest plots were conducted under the allelic model G-allele vs A-alleleTable 3Overall meta-analysis results with subgroup conducted by HBV status and ethnicityOutcome/subgroupCaseControlCase vs ControlHeterogeneityEgger's testBegg's testOR95% CIPI^2^PPPG-allele vs A-allele All18,71023,2040.850.76--0.940.00378.6%\< 0.0010.3070.649 HBV positive12,58413,8520.820.72--0.950.00781.9%0.000 HBV negative427070800.910.79--1.060.23650.5%0.109 Chinese15,48018,2120.820.72--0.930.00282.6%\< 0.001 Non-Chinese137427200.990.84--1.150.8550.0%0.531GG vs AA All424153010.720.52--0.990.04477.7%\< 0.0010.2490.488 HBV positive237725140.630.39--1.010.05781.8%0.000 HBV negative133121310.910.65--1.290.60350.0%0.112 Chinese326837750.640.43--0.950.02882.9%\< 0.001 Non-Chinese4408701.070.73--1.560.7290.0%0.538AG vs AA All618580850.810.75--0.87\< 0.00149.3%0.0160.6860.843 HBV positive338738020.760.66--0.890.00154.9%0.014 HBV negative194932220.880.79--0.990.0360.0%0.644 Chinese470557540.760.66--0.87\< 0.00159.7%0.006 Non-Chinese63112700.930.76--1.150.5180.0%0.868GG vs AG All288641820.910.72--1.150.42253.3%0.0080.2530.692Fig. 2Forest plots of association between KIF1B polymorphism and HCC susceptibility. Forest plots were conducted under the co-dominant genotype model GG vs AAFig. 3Forest plots of association between KIF1B polymorphism and HCC susceptibility. Forest plots were conducted under the co-dominant genotype model AG vs AA

As shown in Table [3](#Tab3){ref-type="table"}, heterogeneity was high, so we performed stratification analysis by HBV status. In the HBV-positive subgroup, KIF1B rs17401966 was associated with HBV-related HCC under allelic model G-allele vs A-allele (OR = 0.82, 95% CI 0.72--0.95, *P* = 0.007) (Table [3](#Tab3){ref-type="table"}, Fig. [4](#Fig4){ref-type="fig"}) and co-dominant genotype models AG vs AA (OR = 0.76, 95% CI 0.66--0.89, *P* = 0.001) (Table [3](#Tab3){ref-type="table"}, Fig. [5](#Fig5){ref-type="fig"}). No statistical differences were found under GG vs AG or GG vs AG genotype models (Table [3](#Tab3){ref-type="table"}). In the HBV-negative subgroup, KIF1B rs17401966 was associated with HBV-related HCC under co-dominant genotype models AG vs AA (OR = 0.88, 95% CI 0.79--0.99, *P* = 0.036) (Table [3](#Tab3){ref-type="table"}, Fig. [5](#Fig5){ref-type="fig"}). No statistical differences were found under other genotype models or allelic model (Table [3](#Tab3){ref-type="table"}).Fig. 4Forest plots of association between KIF1B polymorphism and HCC susceptibility. Forest plots were conducted under the allelic model G-allele vs A-allele stratified by HBV statusFig. 5Forest plots of association between KIF1B polymorphism and HCC susceptibility. Forest plots were conducted under the co-dominant genotype model AG vs AA stratified by HBV status

We further performed a meta-analysis stratified by ethnicity (Table [3](#Tab3){ref-type="table"}): In the Chinese sub-group, KIF1B rs17401966 was associated with HCC under allelic model G-allele vs A-allele (OR = 0.82, 95% CI 0.72--0.93, *P* = 0.002) and co-dominant genotype models GG vs AA (OR = 0.64, 95% CI 0.43--0.95, *P* = 0.028) and AG vs AA (OR = 0.76, 95% CI 0.66--0.87, *P* \< 0.001). No statistical differences were found under any models in the non-Chinese subgroup.

Sensitivity analysis was performed by removing the studies in the meta-analysis to evaluate the effects of individual case-control study on the meta-analysis results by Stata 14.0 (Additional files [1](#MOESM1){ref-type="media"}, [2](#MOESM2){ref-type="media"}, and [3](#MOESM3){ref-type="media"}: Figures S1--S3, Additional files [4](#MOESM4){ref-type="media"}, [5](#MOESM5){ref-type="media"}, and [6](#MOESM6){ref-type="media"}: Table S1--S3). The corresponding pooled OR were not changed when any single study was removed, indicating that the statistical results did not suggest significant effects, revealing the stability and credibility of the results.

Discussion {#Sec9}
==========

This meta-analysis was performed to assess the relationship of KIF1B rs17401966 polymorphism and HCC susceptibility. The results revealed a significant association between KIF1B rs17401966 polymorphism and HCC susceptibility under a random-effect allelic model, the HBV-positive subgroup, and Chinese-subgroup. Mutant G-allele and heterozygous mutant genotype AG of KIF1B may be protective against HCC, especially in HBV-positive and Chinese populations.

Although heterogeneity among the studies was high, associations were discovered in a random-effect model as well. High heterogeneity may be due to different gender, ages or duration of infection among populations included in the various studies. Results of the Begg's rank correlation test and Egger's linear regression test documented there was no obvious publication bias in the meta-analysis. High quality of the included studies confirms the stability and reliability of our results.

Although two meta-analyses on the associations between KIF1B rs17401966 polymorphism and hepatocellular carcinoma \[[@CR6], [@CR7]\] and one meta-analyses on the associations between KIF1B rs17401966 polymorphism and HBV-related hepatocellular carcinoma have been reported in the last 5 years \[[@CR8]\]. In 2013, Wang et al. performed a meta-analysis, with a total of 5 studies containing 13 cohorts with 5773 cases and 6404 controls, under the allele model (G vs. A), the co-dominant models (GG vs. AA; GG vs. AG and AG vs. AA), the dominant model (GG + AG vs. AA), and recessive model (GG vs. AG + AA), which suggests the presence of the G allele at rs17401966 of the KIF1B gene may decrease the risk for HCC \[[@CR6]\]. In 2014, Zhang et al. performed a meta-analysis, with a total of 15 case-control studies with 7596 HCC cases and 9614 controls. And a significant association between KIF1B rs17401966 and HCC risk was detected (OR = 0.81, 95% CI 0.72--0.91, *P* \< 0.001) \[[@CR7]\]. In 2017, Su et al. conducted a meta-analysis, with a total of 5 studies containing 12 cohorts with 4886 HCC cases and 5442 controls. Su et al. verify a weak association between the KIF1B rs1740199 polymorphism and HCC risk \[[@CR8]\], which is the same with HBV-positive subgroup of our meta-analysis. We conducted the present analysis because the conclusions of those studies were controversial (because of different criteria for inclusion of data, different original studies, different stratified facators and articles written in English only). Moreover, recently published articles on this association needed to be included for reevaluation. Thus, we feel our meta-analysis is up to date and valid.

More than half of all HCCs in the world are secondary to chronic HBV infection \[[@CR21]--[@CR24]\]. A study of 22,707 Chinese men in Taiwan found that the incidence of HCC among carriers of hepatitis B surface antigen is much higher than among non-carriers \[[@CR25]\]. Thus, we stratified our meta-analysis by HBV status. As with all patients combined, mutant G-allele and heterozygous mutant genotype AG of KIF1B were potential protective factors for HCC in the HBV-positive subgroup. This conclusion is partly consistent with the meta-analysis conducted by Wang et al. \[[@CR6]\]; in HBV-negative subjects, only heterozygous mutant genotype AG was associated with decreased risk of HCC. Although high heterogeneity was present among pooled studies, the association existed also under a random-effect model.

We are aware of some limitations in our meta-analysis. First, not all of the studies reported environmental factors and possible virus co-infection. HCC development is driven by environmental factors, such as alcohol and aflatoxin B1, genetic factors, and viral infections besides HBV infection, such as HCV infection. Not all the included studies assessed these confounding factors \[[@CR3]\], so we could not determine their role in HCC development by stratification analysis; more well-designed case-control studies may be needed. Second, not all of the included studies adjusted for potential cofounders, except for ethnicity, such as age and gender. Thus, caution is needed when applying our conclusions to populations of different age, gender and other potential confounding factors.

Conclusions {#Sec10}
===========

In conclusion, the results of this meta-analysis indicated that KIF1B rs17401966 polymorphism is associated with a decreased risk of HCC, especially in HBV-positive and Chinese populations. In order to convincingly establish that KIF1B rs17401966 polymorphism is significantly associated with risk of HCC, future studies should be well-designed, multicenter, with large sample size and a broad range of ethnic groups and risk factors.

Additional files
================

 {#Sec11}

Additional file 1:**Figure S1.** Sensitivity analysis of association between KIF1B polymorphism and HCC susceptibility under the allelic model G-allele vs A-allele: The corresponding pooled OR were not changed when any single study was removed. (DOCX 242 kb) Additional file 2:**Figure S2.** Sensitivity analysis of association between KIF1B polymorphism and HCC susceptibility under the co-dominant genotype model GG vs AA: The corresponding pooled OR were not changed when any single study was removed. (DOCX 220 kb) Additional file 3:**Figure S3.** Sensitivity analysis of association between KIF1B polymorphism and HCC susceptibility under the co-dominant genotype model AG vs AA: The corresponding pooled OR were not changed when any single study was removed. (DOCX 220 kb) Additional file 4:**Table S1.** Sensitivity analysis of association between KIF1B polymorphism and HCC susceptibility under the allelic model G-allele vs A-allele: The corresponding pooled OR were not changed when any single study was removed. (DOCX 88 kb) Additional file 5:**Table S2.** Sensitivity analysis of association between KIF1B polymorphism and HCC susceptibility under the co-dominant genotype model GG vs AA: The corresponding pooled OR were not changed when any single study was removed. (DOCX 81 kb) Additional file 6:**Table S3.** Sensitivity analysis of association between KIF1B polymorphism and HCC susceptibility under the co-dominant genotype model AG vs AA: The corresponding pooled OR were not changed when any single study was removed. (DOCX 81 kb)

CI

:   Confidence interval

HBV

:   Hepatitis B virus

HCC

:   Hepatocellular carcinoma

KIF1B

:   Kinesin Family Member 1B

NOS

:   The Newcastle-Ottawa Scale

OR

:   Odds ratio

Not applicable.

Funding {#FPar1}
=======

This work was supported by the National Natural Science Foundation of China \[grant number 81471946\]; and Chongqing Education Commission \[grant number CYB15099\]. The founders had no role in the design of the study, data collection, analysis, and interpretation of data, or in writing the manuscript.

Availability of data and materials {#FPar2}
==================================

Data sharing is not applicable to this article as no datasets were generated or analysed during the current study.

YL, AH and JH participated in study design and paper writing. YL and HZ participated in data collection and analysis. All authors read and approved the final manuscript.

Ethics approval and consent to participate {#FPar3}
==========================================

Not applicable.

Consent for publication {#FPar4}
=======================

Not applicable.

Competing interests {#FPar5}
===================

The authors declare that they have no competing interests.

Publisher's Note {#FPar6}
================

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.
